To investigate gas-particle mass transfer phenomenon with relation to bubble movement in the bed, gas bubbles were generated continuously from nozzles in twoand three-dimensional fluidized beds. The size of bubbles and the mass transfer rate were measured in the same experimental condition. Gas-particle mass transfer phenomenonwas simulated by a suitable two-phase modelbased on the bubble size in the bed. From the simulation, empirical equations for the ratio of cloud to bubble volume in a two-and three-dimensional fluidized bed are proposed.
Introduction
There have been many experimental studies of gasparticle mass transfer in fluidized bed. However, in a gas-solid system, the size offlurdized particles is usually quite small and molecular diffusion of transfer gas quite large. Therefore, gas-particle mass transfer coefficient kj-2i is quite large, and fluidized gas is saturated with transfer gas within the area just above the gas distributor.
Recently Wakabayashi and Kunii10) injected successive single humid air bubbles into the incipiently fluidized bed from a single nozzle and obtained the amount of fluidized particles in the bubbles. In this paper, to investigate gas-particle mass transfer phenomenonwith relation to bubble movement in the bed, gas bubbles were generated continuously from nozzles in two-and three-dimensional fluidized beds. In the two-dimensional fluidized bed, the size of bubbles in the bed was measured by taking stroboscope photographs. In the three-dimensional fluidized bed, the size of bubbles was estimated from Harrison et <2/.'s equation2). Overall mass transfer rate was measured by the sublimation of naphthalene. Gas-particle mass transfer phenomenon is simulated by a two-phase model based upon the bubble size in the bed. Empirical equations for the ratio of cloud volume to bubble volume in two-and three-dimensional fluidized beds are proposed.
Experimental Equipment and Procedure
The experimental apparatus for two-dimensional fluidized bed is shown in Fig. 1 . Its dimensions are 12.8 cm width, 0.6 cm thickness and 100 cm length.
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The experimental apparatus for three-dimensional fluidized bed is the same structure as that for twodimensional fluidized bed. Its dimensions are 10.0 cm I.D. and 55.0 cm length. The primary air, of which flow rate is Umf, is fed to the bed through agas distributor. The secondary air is put into the bed from two inlet nozzles in the bed 4.5 cm above the distributor in the case of twodimensional fluidized bed, and from four inlet nozzles in the bed 3.0 cm above the distributor in the case of three-dimensional fluidized bed. Bubbles are generated continuously from these nozzles. Aporous plate of20 pt pore size and 5 mmthickness is used as distributor in both two-and three-dimensional fluidized beds. The size of gas bubbles in two-dimensional fluidized bed is measured by taking stroboscope photographs.
As the experimental method of particle-gas mass transfer rate is almost the same as that in the previous paper3), it is described only briefly here. Particles of naphthalene mixed with glass beads were fluidized with the primary and secondary air and naphthalene was sublimated. The sampling gas was carried into the converter, in which the naphthalene gas was completely converted to carbon dioxide. A gas chromatograph was used for the analysis ofCO2, from which the concentration of naphthalene in the air stream was calculated. In the case of silica gel particles and F.G.C. particles, the gas bubble size is well correlated by Eq.(l). Gas bubble size in three-dimensional fluidized bed may be almost the same as that produced by the nozzles under these experimental conditions. According to Harrison and Leung2), volume of gas bubble from the nozzles is calculated from
2 . Figure 9 compares experimental results with calculated one in three-dimensional fluidized bed. From  Fig. 9 , a in three-dimensional fluidized bed is expressed as a=0.6/V#;
Discussion
In these calculations, concentration of naphthalene gas in the emulsion phase is assumed to be the saturated concentration at the bed temperature. This is because the inlet nozzles of the secondary air are more than 3 cm above the distributor and the specific surface area of naphthalene particles is quite large in the emulsion phase. In three-dimensional fluidized bed, the size of bubble in the bed is assumed to be equal to the bubble size produced by the inlet nozzles of the secondary air. The bubble size in two-dimensional fluidized bed increases slightly with bed height, as shown in Eq.(l). The collision of gas bubbles in three-dimensional bed is less than that in two-dimensional bed. Therefore, bubble size is almost uniform all through the bed. Of course, the relative velocity of gas to particles in the cloud is not uniform and is not always equal to bubble rising velocity. But the bubble rising velocity is quite large compared with the velocity of particles in the cloud. Assumption (3) (12) or (13) is the effective cloud volume for the analysis of mass transfer operations.
Eqs. (12) and (13) are also important factors in the analysis of fluidized b ed reactor design.
In the analysis of mass transfer phenomena in fluidized bed, the fraction ofparticlesin bubble phase and mass interchange coefficient between the two phases are the most important factors.
There are many theoretical and experimental studies1 '5'6) of the gas interchange coefficient. In -the theoretical studies1'6) , gas interchange At any event, in such a fast phenomenon as gasparticle mass transfer, the fraction of particles in bubble phase is the predominant factor. When these experimental results are analyzed by "bubble assemblage model"4) under the same Fo and a, the experimental concentration agrees with the calculated one.
Conclusion
Gas-particle mass transfer phenomenon in two-and three-dimensional fluidized beds is simulated by a suitable two-phase model based upon the bubble size in the bed. The following empirical equations for the ratio of cloud to bubble volume are obtained. Literature Cited
